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In condusctingt~ he research reported here, the inveotigators
adhered to "Principleai of Laboratory Animal Care" as estab-
lished by the NJationai Society for Medical Research.
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ABSTRACT

New Zealand rabbits were injected with 7S human y-globulin, fraction

II human y-globulin, and isopropyl thiogalactoside and sac ificed at
4, 24, 48, 72, 96 hours, and 7 days. Marginal and central zones of
lymphoid follicles measured 0.1.5227 ± 0.012 and 0.08527 ± 0.004 mm2.
The 7S y-globulin showed changes in marginal zone but only in 48 hours
and 7 days in the central zone. Fraction II showed no changes. The
number of polymorphonuclear leukocytes with 7S y-globulin showed
marked increase but none with isopropyl-o-D-thiogalactopyranoside, There
were no changes in reticular cells known to be 0-galactosidase-positive.
nTi 5-bromo-4 chloroindol-3-yl-O-D-galactopyranoside was used to demon-
strate enzyme. Changes were instituted in substrate that enabled us
to study enzyme in 2-p sections at short incubation time, increasing
the sensitivity of the reaction. The enzyme was distributed in reticular
cells around central zune, trabeculae, and cortical sinuses. Enzyme
changes apparently were not associated with cellular changes.
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DISTRIBUTION OF LYMPHATIC TISSUE AND f3-GAIACTSI1DASE-POSITIVE
CELLS IN THE SPLEEN 0" NEW ZEALAND RABBITS

Previous studies have shown the presence of 0-galectosidase-positive
cells in the spleen of rats.* Other studies have also shown increased
0-galactosidase-positive cells in the rat spleen following the
intravenous injection of isopropyl-J3-D-thiogalactopyranoside. No changes
oc. .,rred following injection of bovine y- lobulin. These studies were
made only during and up to the first hour after the injection. Thick
frozen sections (6 to 8 j. ) with long incubation times in the substrate
were used to demonstrate the enzyse.*

It was thought that more definitive results could be found by studying
the early stages of cellult&. changes occasioned by injection of y-globiulins
and isopropyl-p-D-thiogalactopyranoside. The rabbit was used because
the ease of perfusion of the spleen afforded a better insight into the
distribution of lymphatic tissue following the injection of the above
substances. Also, no demonstration of 0-galactosidese histochemically
has been shown in the rabbit. In addition, the added possibility of
enzyme diffusion with thick sections (6 to 8 p) and relative long
incubation times made it necessary to make pertinent changes in our
su'Astrate conditions to ref leet a higher degree of enzyme sensitivity and
specificity.

Ney Zealand rabbits were used for this study. At necropsy the splenic
vessels were cianulized and perfused with Tyrode's solution to permit
more accurate localization of the distribution of lymphatic tissue. The
areas of the marginal and central zones of the lymphoid fallicles were
measured in m.2 and are tabulated in Table 1. Area measurements in the
control group were: marginal zone 0.15227 i 0.012 and central zone 0.08527
t 0.004. Following injection of 10 mg 78 human ralobulin there were
significant changes of size of the marginal zone after 4, 24, 48, 72, 96
hours, and 7 days. This consisted of a gradual decrease in this area
during each time interval until 48 hours, when the area measurement wee
0.12674 t 0.00# =m2,, and a gradual increase in the area measurement reaching
0. 17564 1 0.01 at 7 days. tnjec tion of 10 mg of Cohn's human ftration It
V-globaiin showed no significant changes in either tons during the "ame
period.

The numbers of polymorphonuclear leukocytes adjacent to the central
Uome were studied relative to the unit areas of 0.0009 m2 (Table 2). In
groups injected vith 10 mg 7S human -globulin there was a definite Increase

* Pars.. 5, Wolf,, P.; Vasqueso J. 1933. A comparative, study of a

Lab. [tweet. l2:1249-1259.

Peers.., I.; Wolf, F. 19t". Icreased 0-gal*Cttdae tynthttis in
lympbatic eysti followisig injections of isopropyl-0-0-tbiogalacto-

paed. Tederti.. Proc. 23-0549.
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TABLE 2. POLYIDRPHONUCLEAR LEUKOCYTES PER 0.0009 mw2 IN LYMPHOID
FOLLICIS ADJACENT TO CENTRAL ZONE

10 mg Isopropyl-p-D-

10 mg 7S Human Thiogalactopyranosidp
y-Globulin Inected InJected Subcutaneously

Hours Number Number o

0 0.1094 ± 0.0267 0.1094 ± 0.0267

4 0.7639 ± 0.3201 0.2083 ± 0.1249 0.3

24 0.5972 ± 0.1420 Q 0.1250 ± 0.0796 0.9

48 0.5278 ± 0.0796 0.001 0.1250 ± 0.3832 0.9

72 0.3333 ! 0.0804 0.0 0.1805 ± 0.0453 0.,3

96 0.2500 ± 0.0120 rl 0.1805 ± 0.0102 0.5

7 days 0.1667 ± 0.0861 0.5 0.1805 ± 0.1164 0.5

a. Probability from Fisher's tables; underscored values are
significant.

in the numbers of polymorphonuclears at 4, 24, 48, and 72 hours. This was
greatest at the 4-hour measurement, with gradoal diminution until after the
72-hour measurement. Injection of isopropyl-0-D-thiogalactopyranos!de showed
o decreases or increases in polymorphonuclears during the periods inclusive

of Pero through 7 days&

Recause f-galactosidape histochemistry specifically is involved with
reticular calls and sinus reticulum cells (exclusive of primitive retic-ulum
calls) tde spleen. of animals jubjected to injection of the previoutly
metioned materials were studied. No apparent maldistribution or qualitative
ad ami-quantitotive changes could be discerned. The only change that could
be readily ean was the increase in polymorphonuclear leukocytes that
pemetrated and ijfiltratel the red pulp and extended into the marginal zone
adjoeet to the central zone.

! I
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Previous studies* indicated some 700% increase in galactosidase-positive
cell# following i-jection of isopropyl thiogalactoside, but no increase
follow~ing the injection of bovine y-globulin. In our present material there
was no maldistribution of reticular or sinus reticulum cells, nor any
increases following injection of 7S y-globulin r.or isopropyi. thiogelactoside.
The only increase was in the number of polymorphonuclear leukocytes, following
igjection of thbe former but not the latter material. Furthermore, polymor-
phonuclear leukocytes do not show 0-galactosidikse activity relative to the
condition of our experiments.

The O-Salactosidase histochemistry was studied in frozen sections of rabbit
spleen sliced to 2 p in thickness in a Harris cryostat at -20 C. They were
incubated from 3 to 4 hours in a substrate cortaining 2.0 mg 5-bromo-4
chloroindol-3-yl-O-D-galactopyranoside in 0.5 m-' dimrettLtyl formamide, 0.5 ml
of 0.85% Nadl; 2.0 %1 of 0.2 M acetate buffer (pH 5 to 4); and 8 mg
spermidine hydrochloride and 15 ml distills.d water. The reaction can be
seen at 30 minutes and continues to intensify at 1, 2, and 3 hours r,..aching
a maximum at 4 hours.

The substrate 5-bromo-4 chloroine. 1-3-yl-O-D-galactopyranoside is
specifically hydrolyzed by 0-galactosida~e in tissue to form a 5,5'-
bromo-4,4'-chloroindigo that is localized to enzymic sites (Figure 1). It is
highly substantive to proteile and does not diffuse, giving a sharp
intense color to cells containing the cnzyme. Under our present modified
method the sensitivity of the reaction is extremely high so that it can be
readily studied in 2-p~ sections with relative short incub Rton time,
eliminating traces of artifact due to enzyme diffusion.

The distribution of the er-yme shows & characte istic arrangement around
and adjacent to the central tone of the follicles (Figure 2), around the
traboculatious of the spleen (Figure 3) and in the cortical sinuses (Figure )
The cells involved are those of fix.ed reticular cells in the sinuses.
Bowever, not all cells of this type react, as none are present in the
central sone where reticular celis may be abundantly present. Only about 1
to Z% of the reticular cells react. Stimulated reticular cells containing
isgested material so to have a higher degree of reaction than
atslatied cells. Thio is in line with Di.nenbers and i-lnnett's *tudies

of free cells of th* vttrul.odotbelial system, which shows a higher
degree of activity (e&uteras~a and phosphatases) .**

F*Peon, 5.S Volt, T..; teaquez, 3.. 1963. A comparative study of a series
of new iodolyl compounds to localize f$-galacto.1.dase in tissue.
Lab. Ivest. 12: l249~-l259.
Poarmon, I.; Volf, P. 1964. Increased 0-gaiactosidose synthesis in
ly'mhatic wyettem foift !njections of isop ropy 1-0 -D- thiossalac to-
pyrewotd@. Federatiock frec. 23:549.

** Duber#, A40L,, Jr.; Benett, W.E. 1963. Bydroloses of mononuclear
ziwdae cells and ttabercalosist L Exudate characteristics, esttrases,
pvt*Uhee#, ad 11., isvo. Arch. i'athol. 76:509-591.
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The principle of the reaction for -9Goiactosidase

CH,.O0H

C I 0OH
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Figure 1. Principle of the Reatction for Demntrating .4-Galaictosidast.v
in Tissue Sections. The soluble .,olorless 5-btom.o-4 chloroindob-
3y-vl-, !-lacpranosidc is hydrolyzed by the ,-galactosidasc
in tisstw t) fo -. the hifhlv Chromogenie inso lublc iina P roduc~t

5,5'brono-.4-chlootidg atj en;!Ymtc 6ite6.
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Figure 2. O-Gaactosidase Pooitive 2ells' Shown in Spleen Around Lymphoid
Follicle. 200X



Figure 3. p-Gaactoside Positive Cells' Shown Adjacent Trb o r

of theSplee.180O
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Figure 4. 1-GSAlctosid~se Positive Cells' Shon in the Sinus
Reticulum Cells. 200X
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IS. ASSTRACT

New Zealand rabbits were injected with 7S human y-globulin, fraction II human
y-globulin, and isopropy! thiogalactoside and sacrificed at 4, 24, 48, 72, 96
hours, and 7 days. Marginal and central zones of lymphoid follicles measured

0.15227 ± 0.001 and 0.08527 ± 0.0001 m2. The 7S y-globulin showed changes in
marginal zone but only in 48 hours and 7 days in tR central zone. Fraction II
shoved no changes. The number of polyworfhonuclear leukocytes! with IS y-globulin

1showed marked increase but none with isopropyl-3-D-thiobd1actopyranc-side. There
were no changes in reticular cells known to be 0-galactosidase-positive. The
5-bromo-4 chloroindol-3-yl- -D-galactopyranoside was used to demonstrate enzyme.
Changes were instituted in substrate that enabled us to study enzyne in 2-V
sections at short incubation time increasing the sensitivity of the reaction.
The enzyme was distributed in reticular cells around central zone, trabeculae,
and cortical sinuses. -Enzyme changes apparently were not associated with
cellular changes.
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